THE SHOULDER GIRDLE AND CHARACTERISTIC OSTE- 
OLOGY OF THE HEMIRRANCHIATE FISHES. 



By Emvix Chapin Starks, 

Of the Lekmd Stanford Junior rnirerKiti/. 



My investigations of the group of Hemi]>ranchiate fishes were under- 
taken primarily with a view of ascertaining th(' elmraeter of the inter- 
elavicles aiul making a comparative study of the shoulder girdle. So 
many important characters appeared, however, in other parts of the 
skeleton, and so many errors were found in current descriptions, that 
the scope of the paper has been somewhat broadened. 

I have tried to describe in detail the posterior bones of the cranium 
in order to show the relationship of the post-temporal, which in many 
species is coositied with the cranium, and to identify the different 
skeletal elements, as the i)arietals are usually missing. 

The family GasterostiddiV in the following descriptions is repre- 
sented by (r(iste7'(jstews vattq>hmc‘t as Fallas, from Japan. Specimens 
of EifcaUa, Af^eltes wnd Puijostras were also examined. Spinaelua ^ the 
only other genus, was not at hand. 

The family Aulorh3Uichid{e is represented I)}' Aidorluj aclnis jiai^idns 
Gill, from Fuget Sound. AHlleldhys japonlcns^ from Japan, was 
referred to. These are the only genera of the family. 

The family Aulostomidje. is represented by Aalosfomm valent ial 
Lacepede, from the Hawaiian Islands. This is the only genus of the 
family. 

The family PJstulariida^ is represented by Flstadarla petindm Lace- 
pede, from Japan. The onl3" genus of its familv. 

The familv jMacrorhamphosidie is represented bv 2 [aei'(ndaunpli(mis 
sagJfne Jordan and Starks (new species), from Japan. The onlv other 
genus of the family is Ce)itidsvo2}s, which was not seen. 

The familv Centriscidie is represented bv ^EoUs(ais stvigatus (Gun- 
ther), from Japan. Centrlseas^ the onlv other genus of the familv 
(and closeH related to uEoIiscus), was also skeletonized and examined. 
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In each o'eims an abnndancc of material was at hand, and when 
characters could not l)e fully made out in one specimen others were 
used until a deg'ree of certainty as to limits of bones and indistinct ^ 
sutures was reached which would have been impossible Avith single 
specimens. 

Among the mistakes that have been made in the osteology of the 
group fi’oni time to time (most of which have been many times 
re})cated) are the folloAving: 

Dr. Cope.^ besides sj)eaking of the '■‘’])resence of the interclavicles 
(Avhich I find in all),'’ says “basis cranii simi>le; no tube.'' 

The fornnu- statement is treated elscAA'here in this paper. As to the 
latter, 2fAtcrorh(nit2)ho.sHS has a double l)asis cranii with a well-developed 1 
tube or myodome. Both families of the Gasterosteoidea Im^e the l)asis j 

cranii rudimentary in bone but completed in cartilage. I^oth families | 

of the Aulostoinoldea have the basi-sphenoid bridging the anterior | 
edges of the pi’ootics aboA^e the rectus muscles of the eye, but Avith no 
tube in continuation. This charactiu’ has not the value Dr. Cope 
placed upon it, as Dr. Gill has shown. 

Dr. Gill, in his key to the families of these tishes.^ includes Gas- | 
terosteidic and AulorhAmchida* under the character ‘*pubi(* bones con- 
nected Avith scapular arch.'' In .1 pubic bones, though 

close behind, and slightly between the posterior part of the shoulder ] 
girdle, are not attached nor eA^en in (‘ontact. In Gaf<Urosteu-'< a proc- I 
ess from the shoulder girdle overlies the i)ubie bones slightly, but the 
integument and even the silvery pigment of the body is interj)osed 
betAveen them. The pelvic girdle is easily movable, indejxuulent of 
the shoulder girdle. In KuvnHa the pelAUc does not nearly touch any 
part of the shoulder girdle. 

Dr. GilP says that the ‘'p‘^^‘dlne bones are directlj^ articulated 
with the (piadrate Avithout the intervention of the pterygoids. In 
F'Jduhtritt it appears so, as the suture betAveen the quadrate and the 
pterygoid Avhicn extcmds forward is difficult to make out. Prolonged 
maceration. hoAvever, ahvays separates the quadrate from the ptery- 
goid. In a small specimen bending the bones in this region often 
opens the suture. 

In Aulostoi/ta the suture is conspicuous in the same place that it is I 

in F'istuhtria^ but there is no anterior element (palatine) apj)arent. [ 

An examination of the cranium. hoAvever. Avill shoAv that the palatines 
haA^e become ankylosed to each other and to the ci’anium at. each side 
of the ethmoid. The ])terygoid lies at each side of them but slightly 
attached. They hook oA er the maxillaries slightly as is typical. 

^Observations on the Systematic Relations of Fishes, Proc. Ainer. Asso. Adv. 

Sci., 1871, p. 817. * 

2 Proc. Acad. Xat. Sd. Phila., 1884, p. 156. 

^Johnson’s New Universal (Cyclopedia, III, j). 801. 
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It is not apparent why Dr. Giinther^ should write, referrin^^ to the 
Fistularkhe, “ventral tins abdominal, separate from tlie pubic bones, 
whieh remain attached to the humeral arch.'" Th(‘ “ interclavicles” 
mioht easily betaken for pubic bones, but the ventral lins are attached 
directly to well-developed })ubie bones. 

Dr. Gunther,^ referrino- to as seen extei-nafl}", 

makes the following statement: “The horizontal portion of the 

humerus,^ whicdi is visible externally, is of moderate length, rather 
broad at its middle, and obliquely truncated behind; the eoracoid, 
which is situated imni(‘diately b(dow, has its liasal portion not styli- 
form, but is broad like the humerus above.*’ lie has evidently taken 
the process of the clavicle for the hypereoracoid and the supraclavicle, 
including, po.ssiblv, the ankylosed plate above, for the clavicle. 

Drs. Jordan and EvermaniD give the number of ‘‘pectoral ossicles” 
(actinosts) in Fistidarfa as three. There are four, as usual, the upper 
one closely attached against the' hypercoracoid. 

The llemibranchs certainly do not deserve coordinate rank with the 
Acantlujptero but should be ineludcd as a suborder under them, coor- 
dinate with the Percewce.s. Probably the Synentognath tishes should 
also be so included. 

A representative of each of the four Synentognath families has l)een 
examined as follows: In Pelonida*. fodiator xuA Tylo>'<nrus 

marinus: in Hemiramphidic, Uyi)orlia]i)phui< unlfasdafux; in Scom- 
bresocidie, CoJolahd saitut ; in Exoc(ctid{e, caUfotnucm aiA 

CypselxruH ayoo. They show relationship to the Ilemibranehs in pos- 
sessing the following characters: Exoccipitals not united over the 
basioccipital;® parapophyses developed on all abdominal vertebne; 
postclavicle absent (absent onh^ in some families of llemibranchs); 
supraclavicle veiT small® (in all but ColoJahiy, in which it is absent); 
post-temporal, when present, usually simple' (absent in CoJoJahd^ forked 
in Tylostuufs); parietals absent® (absent in all the Ilemibranehs except 

A'at. Fish. Brit. Ill, p. 529. 

Mdem., Ill, p. 528. 

^I)r. Giinther in his Catalogue of the Fishes of the British Museum, p. 582, calls 
the clavicle of Parker the humerus, ami in his Introduction to the 8^tudy of Fishes 
he calls it the cla’vicula. In the catalogue he calls the hypercoracoid of Gill the 
coracoid, and in the Study of Fishes the scapula. 

^Fishes of Xorth and Middle America, Bull. V. S, Xat. Mus., Xo. 47, p. 756. 

®I put but little weight on this character, but give it for what it may be worth. 
It is not an uncommon condition, especially among the lower fishes, while the 
opposite seems to be the rule among the higher. 

®Cope says: “Epiclavicle (=supraclavicle) not distinct.” Systematic Relations 
of Fishes, Proc. Amer. As.<o. Adv. Sci., 1(S71. 

''Said by Cope to be “slender, furcate.” 

®Said by Cope to be “very much reduced.” Cypselurni^ and Ilyporhamphus 
appeared to have small parietals, but maceration of the specimens proved the 
contrary. 
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the Gasterosteoideii). The Syncnto^mith.s are at once separated from 
the Homibraiichs by the united inferior pharyngeals and the absence 
of tin spines, as well as by numerous minor characters. 

The llemibranehs show relationship with the Fercesoces^ in havinpj 
the parapophyses developed on all the abdominal vertebra*; in having* 
the supraclavicle, when present, small; in not having* the exoccipitals 
united above the basioccipital; and in having* the supraclavicle, wdien 
present, reduced in size. Flsfuhirla and ./hdo^tomus have processes 
running backward from the epiotics, which are strikingly similar to 
the epiotic processes possessed lyv all the Percesoces. Though they 
serve the same purpose (that of muscle attachments) in both, they are 
soniewtmt dilterent in character, being in the Percesoces processes 
from and of the epiotics, while in the Aulostomoidea they are joined 
b}" ligaments to the epiotics. The llemibranehs easily stand apart 
from the Percesoces in having* no opisthotics and usually no parietals; 
in having the post-temporals simple, not typically forked; and in hav- 
ing the postclavicle composed of a single piece when present (com- 
posed of two pieces in the Percesoces). 

Dr. Gill in his excellent paper," though evidently having* few inter- 
nal characters at his command, has left little to be added in the arrange- 
ment of the llemibranchiate families. 

Oa<stero.s-fet(s and closely related genera are the most generalized of 
the llemibranehs. They are the only ones in the group having the 
following typical characters: Anterior verteln-jc nnmoditied; suspen- 
sorium and mouth normal; ribs typical; ])ost-teniporal approaching 
the normally forked condition, and parietals })i*esent (the last a super- 
famih" character.) 

Dr. GilP has pointed out how the tube-mouthed forms have de- 
scended in an unbroken line from Gaderofitots through Sjdnachia and 
the family Aulorhynchidie, these constituting the superfamily Gas- 
terostoidea. 

The Gasterostidie and Aulorhynchidie should perhaps be regarded 
as a single family, but following the lead of the above authority, they 
are here kept separate, though the latter family is regarded “simply 
as a convenient one at the most.” 

Between the other families occur wider gaps, that are more or less 
difficult to span. 

TheFistularidne and Aulostomida? are well placed in the same super- 
famih". They show in a marked degree how two families of undoubt- 
edly close relationship having many characters in common can still 

’ In each of these characters Sjilnjriena is excej^ted. It seems to be a very much 
more generalized form than the other members of the Percesoces. 

^On the ^Mutual Relations of the Hemibranchiate Fishes, Proc. Acad. Nat. Sci. 
Phila., 1884, p. 154. 

®Proc. Acad. Nat. Sci. Phila., 1882, p. 233. 
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diverge very widely and have many eharaeters radically diUerent, as 
may be seen by referring to the diagnosis here included/ 

It is more ditticult to see just where the family Macrorluimiihosidai 
comes in, whether it is higher than the Aulostomid tishes or has not 
departed so far from its parent stem. Tt is an otfshot in another 
direction. It certainh" is not so highly specialized as th(‘ Aulostomid 
families with their anterior vertebne and parapophys(‘s ankylosed; 
their weak or nbsent spinous dorsal and their peculiarly modified 
basioccipital condyle. It seems well placed above them, having a 
well-developed spinous dorsal and the anterior vertebra', but slightly" 
enlarged and normally articulated. 

The family Centriscida^ shows evidence of having come from some- 
where along the ^lacrorhamphosidfc stem, but so far back and along- 
such different lines that the evidence is not satisfactory. It is much 
more highh" specialized. 

DIAG^^()!SIS OF THE HEMIBRAXCIIII. 

Opisthotics al)sent; parietals usually absent; exoccipitals never 
meeting over surface of Vjasioccipitals; m^^odome usually absent or 
rudimentary, sometimes present; post-temporal never typically forked, 
sometimes a ganoid plate with an inner process, sometimes united by 
suture to cranium; a portion of the hypocoracoid sometimes ganoid, 
and appearing externally as a separate element ( ‘Anterclavicle '■ ); 
snpraclavicle usually absent, small when present; postclavicle some- 
times absent, composed of a single element when present; superior 
pharyngeals and usually elements of branchial arches reduced in 
number; inferior pharyngeals present, not united; four anterior ver- 
tebra> more or less elongated, sometimes united; )>ony dorsal buck- 
lers coinciding with vertebne developed anteriorily (hidden by scales 
in 2f(icrorJi(tm2)hoi<us)\ transverse processes developed on all abdomi- 
nal vertebra\ usuallv largest anteriorly (in the Aulostonioidea united, 
and forming lateral shelves); snout more or less produced and tube- 
like, with a small mouth at its end; ventrals abdominal, sometimes 
anteriorlv placed; h3"i)ocoracoid foramen sometimes formed parth^ by 
clavicle, alwavs bordered bv clavicle as seen from waiter side, though 
hypercoracoid ma^^ or may not entireh’ inclose its foramen as seen 
from within. 

G A STEROSTEOI DE A . 

Parietals ])resent; pterotic normall\^ placed above prootic exoccipi- 
tal suture; condvle of basioccipital normal, concave; basis craiui or 
shelf covering' mvodome incomplete, not nearh" reaching to anterior 
edge of prootics, but completed in cartilage; basisphenoid absent; 



^ It is this element of unstal)ility in the coherence of characters that has made it so 
diflicult to assign many forms to their proper groups. We do not know in what 
direction characters may be depended upon to show relationships. 
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ganoid plate ( “ intcrclaviele ’’) of hypocoracoid more or less devel- 
oped; postclavicle absent; actinosts small, without open spaces 
between; anterior vertebrje scarcely" eidarged, not ank3dosed; ventrals 
placed an ter iorh” spinus dor.sal repre.sented by isolated spines; hyper- 
coracoid foramen partly bordered by clavicle anteriorly; ribs devel- 
oped. 

a. Brauchiostigals 3; ventrals with one soft ray each; snout conic, or hut slightly 
tubiform; post-temporal and snpraclavicle present; typical ribs present. 

Gasteroateidx. 

aa. Branchiostigals 4; ventrals with 4 soft rays each; snout tubiform; clavicle 
attached to cranium by one of the lateral line series of bones; ribs (or 
epipleurals) terminating in lateral plates Aulorhynchidx. 



ACLOSTOMOIDEA. 

Parietals al)sent; pterotic interposed between and entirely sepa- 
rating prootic from exoccipital; condyle of basioccii)ital a round knob 
forming a 1.)all-and-.socket joint with atlas: l)asi.sphenoid l)ridging ante- 
rior edges of prootics above rectus muscles of eye making basis cranii 
appear (Jottble, but no myodome is in continuation; a long splint-like 
shield of bone is on eacli side of back attached in sockets of epiotics; 
hypocoracoid with a backward extending process (‘‘interclavicle"); 
postclavicle present, simple; lower 3 actino.sts subequal rod-like, with 
large open spaces l)etNveen them; anterior 4 vertebra* elongate, anky- 
losed, and Avith coinciding bony dorsal bucklers above; ribs absent; 
ventrals placed at about middle of belly. 

a. Skiiifsmooth; body depressed; no dorsal spines developed; post-temporal suturally 
united to cranium; palatine.s normal, free from cranium; transverse processes 

normal Fi'ftulariida\ 

aa. Skill with well-developed ctenoid scales; body compressed ; spinous dorsal devel- 
oped; })ost-temporal not united to cranium; palatines united to each other and 
to cranium; each transverse process behind fourth vertebra is formed equally 
by a process from each adjoining vertebra (or each end of each vertebra carries 
a half of each transverse process Aulosto?nidx. 

MACKORHAMPHOSOIDEA. 

Piiriotals absent; pterotic normal in position; condAde of basiocci- 
pital concave; myodome present, well developed; basisphenoid small; 
no process or ganoid part (interclavicle) present on hyqtocoracoid ; 
postclavicle present; actinosts without a space between them, the Ioav- 
est elongated cutting into the hypocoracoid; post-temporal suturally 
united to cranium; snpraclavicle coosified Avith claAUcle; hypercoracoid 
entirely surrounding its foramen; anterior vertebrae somewhat 
enlarged, not united; transA^erse processes not united to form a lateral 
shelf; ribs absent; spinous dorsal well developed; ventrals placed at 
middle of abdomen. 



Characters of the family included above , 



Macrorhamphosidx. 
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CEXTRISCOIDEA. 

Dermal armature connate with the internal skeleton, and developed 
as a dorsal cuirass in connection Avith the neuropophyses: six or 
more anterior vertebne. extremely elongate, united; tail Avith its axis 
detlected from that of the abdomen by encroachment of dorsal cuirass 
over dorsal fin; branchial system feebly deA^eloped; parietals absent; 
pterotics normally jilaced; cond vie of basioccipital concaA^e; m3mdome 
absent; posttemporal united to cranium; supraelaA icle present; fora- 
men of hypereoracoid partly formed by clavicle; postclavicle present; 
lower actinost elongated, cutting into hAi^ercoracoid; no open syiaces 
between actinosts; ribs developed; ATntrals at middle of belly ; spinous 
dorsal developed below posterior s])ine of doi'sal cuirass. 

Family characters included above Ccntrisddx. 

THE SllorLDEK GIRDLE IX DPITAIL. 

THE “ IXTERC'LAVICLES.” 

The so-called interclavieles are here considered apart from the other 
parts of the shoulder girdle for purposes of closer comparison. 

They may have l)een of ditferent origin from the hypocoraeoids. but 
if so they have lost all trace of ever having been a separate* o.ssitica- 
tion. e can no more consider them as separate elements than Ave 
can divide othei- bones Avhich are of both cartilaginous and dermal 
oi’igin, and call each part by a different name. It is not true, as has 
been supposed, that all of the members jof the order Ilemibranchii 
have a differentiated part to the hvj)ocoraeoid. 

In Gasf<'ro.steHK the part termed interclaviele bv Parker,^ as seen 
externally, is the ganoid plate Avhich bounds the lowei* edge of the 
silvery area in fi'ont of pectoral. (A pi*oeess fixmi the clavicle bounds 
it above.) It sIioaas no sign of ever having been an ossification sepa- 
rate from the hyi)oeoraeoid. ft is attached to the clavicle above, arch- 
ing away from it and attaclunl again at its lower end, thus inclosing 
an oi)cn space b(*tw(‘en. This is the typical arrangement of the hypo- 
coraeoid. interchiA icle may haA C been a plate of dermal bone 

that has become fused Avith the cartilage bone of the hA pocoraeoid 
beneath, l)ut thei'e seems to ))c no more neeessitv for giA ing it a sepa- 
rate* name than there is for giving a separate name to the ganoid jjroc- 
ess from the clavicle. 

h\ AitlorJnj)}rhi(s the loAcer outer edge of the hypocoracoid turns 
over slightly and forms the ganoid line Avhich shoAvs externally along 
the loAver part of the side in front of the pectoral. This can certain Iv 
not be considered an interclaviele, and A^et it differs but in degree from 
the interclaviele of (Gif<terodew<. 

In Fistula rut the interchiAdele is the plate seen externallA" along the 
side of the breast and belU . It is larger than in au A' other member 

^ Structure and Developiuent of the Shoulder Girdle, Ray Society, London, 1867. 

Proc. N. ]\I. vol. XXV — 02 TO 
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of the o-roiip. It runs forwiird to the lower end of the clavicle and 
attaches 1)}^ simple suture, as the lower end of the hyi)ocoraeoid usually ^ 

does. Posteriorly it runs far backward. It appears as a process ' 

from the hypocoracoid. there bein^^ no suture between them; ridges 
and internal plates of bone are continuous between them. We can j 

but wonder why, if of dermal origin, it has not fused to the clavicle j 

as well as to the hypocoracoid, tin' former a l>one sui)posed to be like , 

it, of dermal origin. 

In Aulostoin (ts there is a process extending backward from the hypo- 
coracoid, which for most of its length is brokei\ up into tine bristle- 
like tilaments. It does not appear at all externally. 

In 2laeror/iafHj)/toms thei'(' are no interclavich's, unless the series of 
bony plates along the median line of the breast and belly be consid- 
ered as such. They can c(U’tainly not be considered homologous with 
the parts so termed in Gasteroxteus and IGstnlana. 

In the new genus Jordan and Starks, typified by 

xtrn/ata, tlu're is no part homologous with the interelavicles of the 
other forms, unless the posterior part of the hypocoracoid, which is 
partly divided from the anterior part by the encroachment of the 
lower actinost, be considered as such. ; 

The SiIOULDEK (iIiKOLE of (tASTEROSTECS ('ATAPIIRACTFS. | 

(4ASTEROSTE1D.R. 

The elements of the cranium are typical in number and arrangement 
excei)t tin* opisthotics are al)sent. The parietals are widely separated 
bv the supraocciptal. On the superior surface the e])iotic articulates 
to the supraoceipital, the parietal, and the pterotic. On the posterior 
subvertical sui-face it articulates to the pterotic, the exoccipital, and 
the sui)raoccipital. T\w pteroties form the outer lower angle of the 
cranium. The articulai- facets of the exoecipitals are on a level with 
th(‘ middle of the basioccipital. The concave centrum " of the basi- j 
occipital is exceedingly deep. ... ' 

The post-temporal is a wide, nearly Hat, ganoid bone, joined tiimly • 

and broadly (but not by dentate or indexible suture) to the epiotie 
and pterotic. Fi-om its lower inner edge it sends a lower fork along 
tbe under paid of the pterotic to where that bone joins the exoccipital, . 
or to the place wlnu’c the opisthotic typicall}" is. | 

Idle supraclavicle is represented by a very small scale-like bone j 
which is interposed between the clavicle and post-temporal, but not ) 
suspending the clavicle lower than it would be were it attached diiectl} j 
to the post- temporal. j 

The upper end of the clavicle turns backward around the hypercora- 
coid foramen. It shows exteriorly as a triangular ganoid plate behind j 
the post-temporal, bounding the upper part of tlie round, naked space ; 
in front of the pectoral. The lower part of the clavicle runs obliquely i 
downward and forward. j 
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The h} pocoraeoid is attaehed broadly to the claviele above, arches 
away from it, and returns to its lower end, inclosing a triangular space. 
Its lower ganoid part, the interclavicle,'’ is rough on the outer sur- 
face, but not otherwise dili'erentiated from the rest of the bone. 





Fui. 1 .— Right shoulder girdle of Gasterosteus cataphractus from inner side and hypo- 

coracoid OF LEFT SHOULDER GIRDLE FROM OUTER SIDE. O, ACTINOSTS; .cZ, CLAVICLE; JujOC, HYPO- 
CORACOID; hype, hypercoracoid: p, pectoral fin; pt, po.sttemporal, and xel, superclavicle. 

The hypercoracoid is assisted for a short space anteriorly by the 
clavicle in inclosing the large hypercoracoid foramen. 

The actinosts are very small, about as wide as long, and have no 
openings l)etween them. The lowei'iiiost one is attached to the hypo- 
coracoid, the remaining three to the hypercoracoid. 
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The Shoulder Girdle of Aulorhynchus flavidus. 

AULORHYNCHID.E. 

The posterior elements of the eranium resemble Gasterosteus in liein^’ 
more U'pieal in arrangement than in other examples of the order. 
The pterotics form the outer lower angle of the eranium, and the 
articulations of the epioties are the same. 

There is but a single plate joining the clavicle to the cranium. It 
is one of the series of lateral line plates, bearing a tube continuous 
with the lateral line sensoiy s\^stem, and it is in no way differentiated 
from the rest of them. It is attached to the eranium over the pterotic 




Fi(i. 2.— Left shoelder girdle of Aulorhynchus flavidus from outer side, a, actinosts; H, 
clavicle; hyoc, hypocoracoid; hijpc, iiypercoracoid; Up, lateral line plates; p, postclavi- 
cle, AND pi, posttemporal. 



and the epiotie. Over its anterior end is a small bone bearing a 
branched tube of the sensory s3"stem, which directs one branch along 
the pterotic and another over the occipital region. It is t\'pical in 
shape and function of the suiiratemporal. 

The upper part of the clavicle turns backward in a triangular proc- 
ess as in Gadeioi<teu.s. The lateral line s3^stem of bones is attached 
along its upper edge and is continued backward along the side of the 
body. The lower part of the clavicle is slender and is inclined 
obliqueh" downward and forward. 

The hvpereoracoid foramen is bounded for a very short space along 
its anterior side b3' the clavicle. 
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The hvpoeoracoid is a very slender, widely forked bone. Its upper 
fork is attaehed above the iniddle of the clavicle, inclosing* a laroe 
triano-ular space between. Its t)uter lower edge turns over slightly 
and forms the slender gunoid line along the lower part of the side in 
front of the pectoral. 

The actinosts are very small, semicpiadrate, and without openings. 
One and a half of them are attach(‘d to the hypocoracoid, two and a 
half to the hypercoracoid. 

TnE Shoulder Girdle of Aulostomus valentini. 

AUL0ST05IID.E. 



The epiotocs are large, low, conical liones at each side of the snpra- 
occipital. Eacli articulates to the frontal anteriorly, to the exoccipital 




Fig 3 —Left shoulder girdle of Aulostomus valentini from outer side, a, actino.sts; cl 
clavicle: h>joc, hypocoracoid; hupc, hypercoracoid; p, pectoral fin; pcL postclavicle, and 



pt , posttemporal. 

posteriorly, and to the pterotic at its outer edge. The pterotic lorms 
the posterior lateral angle of the cranium. It is anterior to the exoc- 
cipitals. which form, with the basioccipital, a posterior projection. 
The exoceipitals project downward on each side far below th(‘ condyle 
of the basioccipital. They meet broadly above the foramen magnum. 

The post-temporal is not united with the cranium. It is a large 
ganoid plate seen externally behind the head, above and anterior to 
the triangular ganoid portion of the clavicle. It lies rather loosely 
against the cranium, over, but scarcely in contact with, the pterotic 
and epiotic. From its inner surface it sends a fork which rests lathei 
loosely behind the part of the exoccipital that projects below the 
basioccipital. 

The supraclavicle is absent. 

The clavicle is a rather heavy triangular bone, as viewed from the 
outside. The anterior edge which borders the branchial cavity is 
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strai^^ht. From its anterior inner part a plate of hone folds back to 
support the hypo and hypercoracoid. 

The latter is a thin plate, not stron^d}' ossified. Through it and 
entirely within its edges is a very large fenestre, which from the ontei’ 
side seems to be partly inclosed by the clavicle, as the hypercoracoid 
is attached fiat against the inner surface of that bone. 

The hypocoracoid is attached along its entire anterior edge to the 
clavicle without leaving the usual opening between. The lower edge 
is thickened and extends backward as a long process, which, gTowing 
thin posteriorh", is divided for most of its length into many bristle-like 
filaments. 

The three lower actinosts are long and rod-like, with large spaces 
between them. The second and third are somewhat closer together 
than the others. The fourth is smaller, and is articulated closely 
against the upper outer end of the In^percoracoid. Two of them are 
above the hypercoracoid and two above the hypocoracoid. 

The postclavicle is a broad triangular-shaped bone, with a process 
running obliquely from the upper corner for articulation with the 
clavicle, and the posterior corner prolonged into a long ray of bone. 



The post-temporal is united to the cranium by dentate suture, form- 
ing an outer produced angle on each side wholh^ posterior to the 
pterotic. It is articulated laterally to the epiotic and the exoccipital, 
posteriorly slightlv to the frontal and l)roadly to the pterotic. 



Fig. 4.— Right .siioitlher girdle of Fistulari.\ petimba from oetside. a , actinosts; d , 
clavicle; hyoc , hypocoracoid, hype , hypercoracoid, p , pectoral fin; pel , postclavicle, and 

scl , SrPERCLAVICLE. 



Though the post-temporals appear to play an important part in 
forming the cranium when viewed from above, th(*y form no part of 
the cranial wall, being only thin sheets of bone attached at their lat- 
eral and anterior edges. Were they removed the remaining elements 
would bear about the same relationship to each other as the}" do in 
the cranium of Aulostomm, 



The Shoulder Girdle of Fistularia petimba. 



FISTULARIID.E. 
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The supraclavicle is a short, scale-like lione, settino- low on the clavi- 
cle, simply serving as a septum lietween the clavicle and post-temporal, 
and not suspending the former lower than it might lie were it articu- 
lated directly to the post-temporal. 

The clavicle is a complex lione, bending liackward at its upper end 
to supiiort the long simple postclavicle, which appears exteriorly as the 
iipjxu- lateral plate behind the head. It (the clavicle) borders nearh" 
half of the fenestre, which t^’ihcally is through the center of the 
hypercoracoid. It sends a wide process from its middle dir(‘ctly below 
this fenestre backward and downward to the hypocoracoid. Its lower 
end is straight, running ol)li(piely forward to where it joins the lower 
end of the hvpocoracoid (‘* interclavicle"), leaving an open space 
behind and between the forks of the hypocoracoid. 

The h3’})ercoracoid is little more than a rod of bone foianing some- 
what more than half of the fenestre, between it and the clavicle. It 
strongly resembles in shape and position the long, slender actinosts. 
The tirst pectoral ray works directly on it, as usual, and from this fact 
and its appearance one not knowing the cartilaginous origin of the 
bone might conceive the possibility of the In^percoracoid having orig- 
inated from an actinost. This fancy is perhaps disturbed by the fact 
that the upper actinost is attached to its iqjper outei* edge. 

d'he other three actinosts are attached to the hypocoracoid or end 
in cartilage over it. 

The SnouLDEK Girdle of Macrorhamphoscs saoifue, (new species.) 

MACRORHAMPIIOSIDiE. 

The cranium is wedge-shaped as viewed from above. Posteriorh" 
it is abruptly vertically truncated. The ejiiotics reach to the posterior 
edge of the cranium, and. iiending sharpjy over, show about half of 
their surface above and half posteriorly. 

The post-temporal is small and conical and ankylosed to the cranium, 
forming the outer lowei- angle. On*th(‘ lower surface of the cranium 
it ai'ticulates with the exoccijiital at its inner edge, and with the 
pterotic anteriorly; on the postiudor surface, with the exoccipitid and 
th(‘ epiotic; on the superior surface with the pterotic anteriorh% and 
with the epiotic at its outer edge. 

The supraclavicle is so closel v attached against the outer upper part 
of the clavicle that it is difficult to make out. It scarcely rises above 
the head of the clavicle. 

The line of bony plates along the upper part of the sides is continu- 
ous over 'the clavicle, with a ridge on the post-temporal and the 
pterotic. These are doubtless homologous with the lateral line plates 
of Aulorhynchm. 

A broad, thin plate projects backward from the middle of the inner 
edge of the clavicle and supports the hypercoracoid and the upper 
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part of the hypocoracoid. It laps over the hypercoracoid and bor- 
ders the anterior half of the hypercoracoid foramen, as seen from the 
onter side of the shoulder girdle; but as seen from the inner side, the 
hypercoracoid entireh" incloses its foramen, protecting it anteriorly, 
however, b}" a very narrow margin. 

The postclavicle is a long, simple ra}" of bone carried In" a project- 
ing plate from the upper end of the clavicle. 

The hypoclavicle is a veiy wide, thin plate, with an anterior rod of 
bone reaching to the lower end of the clavicle and inclosing a large 
fenestre. From just in front of the lower actinost a straight ridge 



Fig. 5. — Right shoulder girdle of Macrorhamphosus sagifus frosi outer girdle. For let- 
tering SEE Fig. t. 

runs ol)liquely forward to near the lower edge of the hypocoracoid, 
where it turns at a sharp angle, and, following the edge of that bone, 
runs horizontal!}" forward to its end at the clavicle. 

The lower actinost is very much enlarged. It cuts a large space 
from, and continues down over the outer surface of, the hypocoracoid 
nearly to its middle. It ends in a sharp point. The others are some- 
what pointed below, and grow smaller upward. There is a raised 
condyle on the hypercoracoid resemlding the heads of the actinosts 
for the first rays of the pectoral to work on. All but the lowest 
actinost are attached to the hypercoracoid. 
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The Shoulder (Jirdle of tEoliw us strigatus. 

(’EXTRIW’ID.E. 

The shape of the cranium rt'sembles that of 21acrorham2>hosm. bein^ 
wedge-shaped as viewed from a])o\e and vertically trimcat(‘d pos- 
teriorly. 

On its superior surface are five narrow wedge-shaped bones. The 
longest is the su})raoccipital. About half of its length separates the 
posterior part of the frontals. On each side of it are the epiotics, of 
the same width but shorter. Anteriorly they cut a V-shaped piece out 
of the end of ea(*h frontal. The posttemporals are the most lateral and 
the .shoi-test of these bones. They cut a V-shaped piece from the ends 
of the pterotics. On the superior-lateral surface of the cranium they 
are remote from the epiotics, but on the posterior surface the}" send a 
process up to them. 
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Fig. 6.— Right shoulder girdle of .Eolircus strigatus from inner side. For 

Fig. 4. 



The parietals and opisthotics are absent. The articular facets of the 
exoccipitals are at the extreme lower part of the cranium below the 
middle of the basioccipital condyle. The exoccipitals show no tendency' 
to approach and join over the basioccipital. 

The myodome appears to be wholly absent. 

The supraclavicle shows externalh' as a long, nai’row, ganoid bone, 
extending horizontally. It is enlarged anteriorly and is concave at its 
end for the reception of the end of the posttem[)oral. It laps over the 
edge of the clavicle somewhat and is firmly attached by a simple suture. 

Directly above is a somewhat similar ganoid plate attached along 
the edge of the supi’aclavicle b}’ a smooth inconspicuous suture. It 
extends farther back than the supraclavicle and appears to be one of 
the series of lateral plates. Both it and the supraclavicle attach by 
dentate suture to the wide lateral plate behind it. Above these are 
the median plates of the back. 
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The eliivicle ?^liows externally as a wide trianoulav plate i*eachint>^ 
nearl}^ to the pectoral, its anterior end descends bordering- the gill 
opening as usual. From the inside the clavicle ap]>ears about three 
times longer than deep. From the inner maper edge a thin plate of 
bone turns down to the hypen-oracoid. 

The hvpercoracoid does not nearly contain its foramen, but is 
assisted above by the inner plate of the clavicle. 

A simple postclavicle is attached to the posterior end of the clavicle 
directly above the lyypercoracoid. It is a very slender rav of bone 
bending sharply down to a level with the lower pectoral ray and thence 
reaching horizontally far back and ending as a finehlament. 

The hypocoracoid is a nearly scpiai-e thin plate, with a slender 
process running from its lower anterior corner at a right angle with 
its anterior edge to the lower end of the clavicle. From its upper 
posterior corner obliquely toward the lower anterior corner the lower 
actinost cuts in and subdivides it. 

The upper ray of the pectoral works directly upon the h^qaercora- 
coid. Three of the actinosts are borne by the hypercoracoid and one 
b}' the hypocoracoid. 

All of the inner elements of the shoulder girdle are extremely thin 
delicate plates, but slightl}" ossified, and generally strengthened b}' 
osseous ridges. 



